Fluorescence Molecular Tomography (FMT) has emerged as a powerful tool for monitoring biological functions in vivo in small animals. It provides the means to determine volumetric images of fluorescent protein concentration by applying the principles of diffuse optical tomography. Using different probes tagged to different proteins or cells, different biological functions and pathways can be simultaneously imaged in the same subject. In this work we present a spectral unmixing algorithm capable of separating signal from different probes when combined with the tomographic imaging modality. We show results of two-color imaging when the algorithm is applied to separate fluorescence activity originating from phantoms containing two different fluorophores, namely CFSE and SNARF, with well separated emission spectra, as well as Dsred-and GFP-fused cells in F5-b10 transgenic mice in vivo. The same algorithm can furthermore be applied to tissue-specific spectroscopy data. Spectral analysis of a variety of organs from control, DsRed and GFP F5/B10 transgenic mice showed that fluorophore detection by optical systems is highly tissue-dependent. Spectral data collected from different organs can provide useful insight into experimental parameter optimisation (choice of filters, fluorophores, excitation wavelengths) and spectral unmixing can be applied to measure the tissue-dependency, thereby taking into account localized fluorophore efficiency. Summed up, tissue spectral unmixing can be used as criteria in choosing the most appropriate tissue targets as well as fluorescent markers for specific applications.
INTRODUCTION
Recently the adaptation of fluorescent probes for in-vivo animal imaging studies has given rise to a new imaging tool in the area of molecular imaging [1, 2] , Fluorescent Molecular Tomography (FMT). FMT can provide threedimensional images of fluorescent concentration inside small animal systems [3] [4] [5] . In many biological applications more than one fluorescent probes needs to be imaged simultaneously, thus it is vital to be able to detect and distinguish the fluorescence activity of different fluorochromes and/or fluorescing proteins simultaneously. However, many of the fluorophores available for in-vivo imaging have overlapping emission spectra and cannot be imaged by just filtering the emitted signal. On the other hand, in the field of Fluorescence microscopy spectral unmixing is a common practice where distinct fluorescent molecules are analyzed simultaneous in the same sample and imaging enhancement can be performed by applying linear unmixing algorithms [6, 7] .
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In this work, unmixing algorithms were used to simultaneously image GFP-fused and SNARF-fused cells in the spleen of transgenic mice. The algorithms were applied to the reconstructed tomographic data obtained with an in-vivo FMT system that has already demonstrated its capability to image fluorescent probes in vivo in murine models, such as monitoring cell population in thymus and in the spleen [8, 9] .
MATERIALS AND METHODS

2.1The FMT setup
A schematic of the FMT setup is shown in Figure 1 . Illumination is provided by a cw Ar+ -Laser (Laser Physics) (i.) working in multi-line mode with an output power varying between 65mW and 750 mW, depending on the application. Protection against environmental light sources (e.g. lamps, screens, etc) is provided by a custom-made 5mm-thick aluminium chamber (ii). A motorized X-Y translation stage (Standa), (iii.) is used for scanning the target. For the surface reconstruction, a while light homogeneous light source (iv.) is illuminating the subject which is mounted on a rotation stage (v.) and can move at different angles. The signal acquisition is provided by a thermoelectrically cooled CCD camera (iv.) (Andor) equipped with a 50mm f/2.8 objective (SIGMA) (vii.). The rotation stage is aligned to the center of the camera. The synchronised motion of the motorized stages and the acquisition parameters are controlled through Labview TM (vii.) . The laser beam is coupled into a 600µm UVAN multimode fiber (ix) (Fibertech) with an antireflection coated aspherical lens. On the out-coupling side the fiber is connected to a 25mm micro-bank system of lenses for the collimation of the beam. The system could be operated in either reflection or transmission geometries depending on the positioning of the translation stages with the beam expander for the scan. They could be mounted either on the camera side (reflection) or in the optical axis of the camera (transmission). For focusing purposes, the subject can also move towards or away from the camera, since the rotation stage is mounted on a rail(x.). An Isoflurane vaporizer (xi.) (Lumick) is used for the anesthetization of the mice. The mice are initially placed inside a custom made chamber for pretranquilization and then are fixed to the rotation stage. Finally a Peltier cooling device is used for setting and maintaining the CCD temperature to -70 0 C. The acquisition was performed using two band pass filters centred at 510nm + 5nm and at 625nm + 50nm for GFP and SNARF respectively. For the intrinsic measurement a 55-mm diameter band pass filter for 488nm is used. All filters are mounted to a 55mm metal ring to be placed in front of the camera objective. 
Measurement process and Image analysis
Equal numbers of GFP-and SNARF-fused cells (10 6 ) were injected into b10 mice. The spleen of the mice was measured after the migration of the tagged cells. Two images were acquired by using two band pass filters centred at 510nm + 5nm and at 625nm + 50nm for GFP and SNARF respectively. These spectral regions are shown in Figures 2a) and 2b) where the fluorescence spectra of GFP and SNARF measured with a commercial fluorimeter (Varian, Cary Eclipse) are plotted against wavelength. For the tomographic measurements, the intrinsic field is also measured by using a bandpass filter corresponding to the laser line used for excitation. These spectral regions are shown in Figures 2a) and 2b) where the fluorescence spectra of GFP and SNARF measured with a commercial fluorimeter are plotted against wavelength. The single lined area corresponds to the GFP filter, while the double lined area corresponds to the SNARF filter. 
The Decomposition algorithm
The decomposition of the signals of different fluorochromes is based on a linear unmixing algorithm, which is applied to the reconstructed images obtained at each spectral region. The algorithm takes into consideration the relative strengths of the fluorophores at the spectral bands that the detection was made. These spectral strengths were calculated after measuring the fluorescence emission of the different fluorophores with a commercial fluorimeter (Varian, Cary Eclipse) and integrating the signal under the part of the curve that corresponds to the spectral band allowed by each filter. The uncoupled images can be then calculated by solving the following linear nxm system, basically calculating the unmixed values for every voxel in the mesh, representing the volume of interest:
were I 1 , I 2 …I n are the reconstructed three dimensional images obtained from FMT, 
The reconstruction algorithm
The reconstruction algorithm utilizes a normalized Born field that combines the acquired intrinsic and fluorescence measurements using the following relation [10] : Additionally, the 3D surface of the mouse was reconstructed by recording the shadow of the mouse at different angles from a homogenous light source at the camera and by applying a radon transform on the recorded images.
RESULTS AND DISCUSSION
A major problem in clearly identifying the organs in live samples is caused by skin and organ autofluorescence. This can be seen in Figure 3 where reflectance tomography raw data are presented obtainde from a transgenic b10 mouse with the skin removed (a) and when taken non invasively (b). When the skin is intact the true fluorescence of the organ and surrounding lymph nodes is completely covedred by the autofluorescence. Thus, the recording of tissue specific spectra can be very valuable in distinguishing true fluorescence activity from autofluorecence signals, in properly applying the unmixing algorithms and increasing image reconstruction accuracy. Such spectral data are shown in Figure 4 obtained from the exposed spleen of a GFP transgenic mouse, a Ds Red transgenic mouse and a control mouse with a purpose modified tomographic system that incorporates a spectrograph for recording of spectra in an identical geometry as the tomographic data. The green and red shadowed areas correspond to the bandpass regions of the two filters used when GFP and DsRed signal need to be unmixed. From spectral data like these, valuable information on the true organ signal can be obtained. In Figure 5 data calculated from different exposed organs are presented, that correspond to the mean fluorescence value over the entire organ surface for the GFP, DsRed and control mice and for three bandpass regions corresponding to different filters used for the acquisition of tomographic data. From these data the true fluorescence signal can be identified and distinguished from the autofluorescence in the three different regions. Fig. 4 : Spectra obtained from the exposed spleen of a GFP transgenic mouse, a Ds Red transgenic mouse and a control mouse with a purpose modified tomographic system that incorporates a spectrograph for recording of spectra in an identical geometry as the tomographic data The spectrally resolved tomographic data can be used for the more accurate application of the unmixing algorithm and the incorporation of the spectral prior knowledge in the inversion algorithm. In Figure 6 characteristic three-dimensional reconstructions for GFP and SNARF for the two spectral regions are presented. The final unmixed images obtained after the application of the algorithm are presented in Figures 7a) and 7b) respectively. The capability of the system and the algorithm to reconstruct and quantify three-dimensional images of fluorescence activity is very important when targeting different biological processes and monitoring cell numbers or populations over time. Using the same procedure described here and acquiring one more FMT image sequence using the 458nm line of the laser for excitation we could subtract the contribution of the skin autofluorescence, which is significant especially when measuring in reflection geometry. 
CONCLUSIONS
Tissue specific spectral information can be of great significance for the reconstruction fidelity since it can be used as a prior knowledge introduced in the inversion process. Spectral data collected from different organs can provide useful insight into experimental parameter optimization (choice of filters, fluorophores and excitation wavelengths) and spectral unmixing can be applied to measure the tissue-dependency, thereby taking into account localized fluorophore efficiency. Furthermore, this tissue specific spectral information can then be implemented in the building of the weight matrix providing a spectral constrain in the inversion algorithm resulting in a more robust reconstruction. The spectral information needed for the implementation of the relative strengths of different spectral contributions in the wavelength dependent weight matrix can be obtained by spectrally-resolved tomographic measurements of the fluorophore emission initially in phantoms and then inside the animals. The capability of the system and the algorithm to reconstruct and
